El-Kattan et al.
Egypt J Neurol Psychiatry Neurosurg (2022) 58:25
https://doi.org/10.1186/541983-022-00460-2

The Egyptian Journal of Neurology,
Psychiatry and Neurosurgery

RESEARCH Open Access
()]

Check for
updates

Relation of serum level of tumor necrosis
factor-alpha to cognitive functions in patients
with Parkinson’s disease

Manal Mahmoud El-Kattan', Laila Ahmed Rashed?, Sara Refaat Shazly' and Rania Shehata Ismail'”

Abstract

Background: Inflammation is suggested to play a role in the development of non-motor Parkinson'’s disease (PD)
symptoms. We aimed to investigate the association between serum tumor necrosis factor-alpha (TNF-a) levels and
cognition in PD patients. Thirty patients with PD and 30 healthy controls were included. Evaluation and staging of PD
were done using Unified PD Rating Scale. Cognitive assessment was done using Addenbrooke’s Cognitive Examina-
tion (ACE-Il) and trail making B tests. Measurement of serum levels of TNF-a was done.

Results: Patients had significantly worser cognitive scores than controls except for language subclass of ACE score.
Mean serum TNF-a level was significantly greater in PD patients as compared to controls. TNF-a serum level was sig-
nificantly negatively correlated with ACE visuospatial function. Sensitivity and specificity of TNF-a to detect cognitive
dysfunction in PD using ACE Il and trail making B tests were (73.1, 75%), (57.1, 56.2%), respectively, whereas sensitivity
and specificity of TNF-a to detect severity of PD using H&Y staging in PD were 50%.

Conclusion: Patients with PD frequently have cognitive impairment. Elevated serum TNF-a levels in patients with PD,
and association of this cytokine to visuospatial impairment, implicate this pro-inflammatory cytokine in the neurobiol-

ogy of cognitive impairment in PD.
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Background

After Alzheimer disease, PD is the second most common
neurodegenerative disorder in elderly. PD is suggested to
involve interactions between genetic and environmental
factors. Most cases start after the age of 50 years. The
prevalence increasing to 1.5-2.5% of people above the
age of 70 years [1].

PD is a heterogeneous disease with a wide range of
symptoms. One classification based solely on clinical fea-
tures supports two subtypes: tremor dominant PD and
non-tremor dominant PD. Tremor-dominant Parkinson’s
disease is characterized by the absence of other motor
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symptoms and a superior response to dopamine replace-
ment therapy. A patient with non-tremor-dominant PD,
on the other hand, may develop an akinetic-rigid syn-
drome and a postural instability problem, as well as a
higher incidence of non-motor symptoms. The disease’s
course and prognosis differ and it is thought that the dif-
ferent subtypes have different pathophysiology and eti-
ologies [2].

PD is characterized by loss of neurons and gliosis, as
well as the presence of Lewy bodies (LBs). The location
and distribution of neurodegeneration reflect corre-
sponding neurological and psychiatric signs and symp-
toms. The aberrant aggregates of misfolded a-synuclein
are seen in LBs. The buildup of aberrant proteinaceous
molecules in brain tissue is accelerated by neuroinflam-
mation. Neurodegeneration leads to neuroinflamma-
tion, resulting in a cyclic potentiation. Many variables,
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including genetic, environmental, viral, dietary, and life-
style factors, might trigger the proteinopathy—neuroin-
flammation—neurodegeneration loop [3].

Non-motor alterations, such as cognitive, autonomic
and sleep disturbances are commonly encountered in PD
patients. These are noteworthy determining factors of
quality of life [4].

Barnum and Tansey (2012) suggested that inflamma-
tion may play a role in the development of non-motor PD
symptoms [5]. Previous clinical researchers have identi-
fied possible links between these symptoms and periph-
eral cytokines. TNF-a levels in the blood have been
linked to a variety of non-motor symptoms, including
cognition and depression [6], while IL-6 levels have been
linked to scores on the Mini-Mental State Examination
(MMSE) in PD patients without dementia [7].

There is no cure or neuroprotective treatment for Par-
kinson’s disease despite decades of research. Although
there are medications that can help patients manage their
symptoms and maintain their quality of life, none of them
can slow or stop the degeneration of DA neurons. Alter-
native therapeutical techniques are being developed, and
the use of PD pre-clinical models is a vital step in testing
new disease-modifying strategies [8].

Chronic neuroinflammation is a common hallmark of
Parkinson’s disease, in which TNF-« expression appears
to be elevated, proposing that it could be a worthy tar-
get for treatment or slowing the progression of cognitive
decline in people with PD [9, 10].

The current work aimed to examine the possible asso-
ciation between serum TNEF-«a levels and cognition in PD
patients.

Methods

This case—control study; included 30 PD patients and
30 age and gender matched healthy volunteers, between
February 2019 and December 2019.

Written consents were taken from patients prior to
participation.

Inclusion criteria: Patients with PD diagnosed accord-
ing to MDS clinical diagnostic criteria for Parkinson’s
disease, 2015 [11]. Their age ranged between 50 and
75 years. The subjects should be educated. Mini-Mental
State Examination (MMSE) score>26 and, Hamilton
Depression Scale score <6.

The exclusion criteria were as follows: patients with
concomitant medical, metabolic or endocrinal affection
such as diabetes mellitus, hepatic, renal diseases and thy-
roid dysfunction, patients with MRI brain showing struc-
tural lesions and presence of inflammatory or infectious
diseases, which may alter serum levels of TNF-a.

Patients were submitted to the following: clinical
assessment, staging of Parkinson disease using UPDRS,
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cognitive assessment scales including: the Arabic ver-
sion of ACE-III assesses various aspects of cognition.
It is reported to have a better ability than the MMSE to
detect sub-cortical dementia syndromes [12]. We used
the validated Egyptian—Arabic ACE-IIL; it offers high
sensitivity, specificity [13]. Trail making test (part B) is
used to measure the information processing speed and
executive functions [14] and measurement of serum level
of tumor necrosis factor-a by enzyme-linked immune
assay ELISA. It was performed at the Biochemistry
department of faculty of medicine. Blood was drawn into
EDTA-treated tubes and centrifuged at 4 °C for 20 min
at 2000 rpm. TNF-a was measured using an in-house
ELISA technique that used commercially available cap-
ture and detection antibody pairs and cytokine standards
(BD Pharmingen BD OptEIATM ELISA Sets).

Statistical analysis

The collected data were coded, tabulated, and statis-
tically analyzed using IBM SPSS statistics (Statistical
Package for Social Sciences) software version 22.0, IBM
Corp., Chicago, USA, 2013. Simple descriptive statistics
(arithmetic mean and standard deviation) used for sum-
mary of normal quantitative data and frequencies used
for qualitative data. Bivariate relationship was displayed
in cross-tabulations and comparison of proportions was
performed using the Chi-square and Fisher’s exact tests
where appropriate. Paired T-test was used to compare
normally distributed quantitative data. Pearson correla-
tion was used to compare normally distributed quan-
titative data. Accuracy was represented using the terms
sensitivity, and specificity. Receiver operator characteris-
tic (ROC) analysis was used to determine the optimum
cut-off values. The level of significance was set at prob-
ability (p) value <0.05.

Results

The age of patients ranged from 50 to 75 years with
a mean value 63£8. Also, the age of control subjects
ranged from 50 to 75 years with a mean value 62 +4. The
patients group included 25 males (83.3%) and 5 females
(16.7%). The control group included also 25 males
(83.3%) and 5 females (16.7%). Patients and controls
were matched regarding mean age and sex distribution
(p=0.45, 0.73), respectively.

The duration of the disease ranged from 1 to 6 years
with a mean 3+1 years. The age at onset of the dis-
ease ranged from 49 years old to 73 years with mean
55+7 years.

UPDRS scores ranged from 23 to 77 with median 45
and mean 47. The Hoehn and Yahr scores ranged from 1
to 3 with mean 2.4 £ 0.8. The median was 2.
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Table 1 Demographic and clinical data of the studied groups

Patients Control p value
Age (year) 6348 6244 045
Gender
Male 25 (83.3%) 25(83.3%) 0.73
Female 5(16.7%) 5(16.7%)
Duration (year) 341 -
Age at onset of the disease  55+7 -
Total UPDRS score Range 23-77 -
Mean 47
Median 45
HY scale Range 1-3 -
Mean 24+£08
Median 2
Treatment
Dopaminergic drugs (22)73.3% -
Untreated (5)16.7%
Non-compliant (3)10%

UPDRS Unified Parkinson'’s Disease Rating Scale, HY Hoehn and Yahr

Table 2 Comparison between TNF a serum level between the
two groups

TNF-a level (pg/ml)  Patients Control p value

114390+£18.0341  40.090+8.4638  <0.001*

TNF-a tumor necrosis factor-alpha
*Significant

In the current study, 22 patients (73.3%) received
treatment in the form of dopaminergic drugs including
levodopa and dopamine agonists whereas, 5 patients
(16.7%) were untreated and 3 patients (10%) were not
compliant.

Demographic and clinical data of the studied groups
are illustrated in Table 1.

In the patients group, TNF serum level ranged
from 78.2 to 169.1 pg/ml, the mean was 114.4 pg/
ml=£113.6 pg/ml. In the control group, TNF-a serum
level ranged from 31.5 to 64.9 pg/ml the mean was
40.1 £ 38.2 pg/ml (Table 2).

Patients had significant worse cognitive scores than
controls (p <0.05) except for language subclass of ACE
score (p=0.272) (Table 3).

Mean serum TNF level was significantly greater in
PD patients as compared to controls (p <0.001) (Fig. 1).

TNF-a serum level was significantly negatively corre-
lated with ACE visuospatial (p =0.03, r= — 0.4). How-
ever, no statistically significant correlation was found
between serum level of TNF-a and ACE total, ACE
attention, ACE memory, ACE verbal fluency, ACE lan-
guage and trail making test (Fig. 2).
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Table 3 Comparison between results of neurocognitive scales in
both groups

Mean+SD Patients group Control group p-value
(n=30) (n=30)
ACE-IIl 814045957 94.33+3.066 <0.001**
Attention ACE 17.13+£0.900 17.53+£0571 0.044*
Memory ACE 19.63+4.115 2430+1.119 <0.001**
Verbal fluency ACE 6.87 +2.609 12.67 +£0.959 <0.001**
Language ACE 2493+1.311 2523+0679 0.272
Visuospatial ACE 13.334+1.863 152340817 <0.001**
Trail making test B 239.144+53.728 103.10£ 24.669 <0.001**

ACE-Ill Addenbrooke’s Cognitive Examination
*Significant, ** highly significant
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Fig. 1 Comparison of TNF-a mean serum level between the studied

groups. Mean serum TNF level was significantly greater in PD patients
as compared to controls (p<0.001). TNF-a tumor necrosis factor-a
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Fig. 2 Correlation between TNF-a serum level and ACE visuospatial.
TNF-a serum level was significantly negatively correlated with ACE
visuospatial (p =0.03, r= — 0.4). TNF-a tumor necrosis factor-q,

ACE visuospatial visuospatial subset of Addenbrooke’s Cognitive
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Serum levels of TNF-a were not significantly correlated
with either mean total UPDRS or HY scores (p>0.72,
0.64), respectively.

Serum levels of TNF-a were not significantly with age
of patients, age at onset of the disease or disease dura-
tion (p=0.06, r=0.33), (»=0.08, r=0.32), (p=0.74,
r=— 0.06), respectively.

ROC curve for TNF-a to detect cognitive impairment
in patients with PD using ACE III: we observed that at
cut-off point value>110.7, the sensitivity and specific-
ity of TNF-a were 73.1, 75%, respectively (AUC=0.76, p
value=0.08) (Fig. 3).

ROC curve for TNF-a to detect cognitive impairment
in patients with PD using trail making B.: at cut-off point
value >113.65, sensitivity and specificity of TNF-a were
57.1, 56.2%, respectively (AUC=0.63, p value=0.198)
(Fig. 4).

ROC curve for TNF-a to detect severity of PD using
H&Y staging.: at cut-off point value>113.65, sensitiv-
ity and specificity of TNF-a were 50% (AUC=0.49, p
value=0.69) (Fig. 5).

Discussion

PD is often accompanied by early non-motor symptoms
(NMS), which include autonomic dysfunction, psychiat-
ric disturbances, sleep disorders, olfactory dysfunction,
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Fig. 3 ROC curve for TNF-a to detect cognitive impairment in
patients with PD using ACE Ill. We observed that at cut-off point
value > 110.7, the sensitivity and specificity of TNF-a were 73.1, 75%,
respectively (AUC=0.76, p value =0.08). TNF-a tumor necrosis
factor-a, PD Parkinson’s disease, ACE-/ll Addenbrooke’s Cognitive
Examination
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Fig. 4 ROC curve for TNF-a to detect cognitive impairment in
patients with PD using trail making B. At cut-off point value > 113.65,
sensitivity and specificity of TNF-a were 57.1, 56.2%, respectively
(AUC=0.63, p value =0.198). TNF-a tumor necrosis factor-a, PD
Parkinson's disease
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Fig. 5 ROC curve for TNF-a to detect severity of PD using H&Y
staging. At cut-off point value > 113.65, sensitivity and specificity of
TNF-a were 50% (AUC=0.49, p value =0.69). TNF-a tumor necrosis
factor-a, PD Parkinson'’s disease, H&Y Hoehn and Yahr
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fatigue, and cognitive impairment (CI) [15]. CI has been
described as the most disabling NMS in PD, and it has
been shown to have a significant impact on quality of
life later in the disease [16, 17]. Furthermore, CI in PD
has been linked to the onset of dementia as the disease
advances [18]. As a result, CI is a significant NMS with a
broad impact across the PD time frame [19].

Previous research employing bilateral intrastriatal
6-OHDA animal models consistently demonstrated sig-
nificant effects on anxiety and depressive-like behaviors
[20].

The present work showed that PD patients have cogni-
tive dysfunction that includes the fields of memory, ver-
bal fluency, visuospatial and executive functions. This
was in accordance with Muslimovic and colleagues [21]
who studied in detail a cohort of 115 PD patients. They
detected that nearly all PD patients had executive dys-
function, 50% of patients displayed visuospatial deficits,
and 45% had memory deficits compared to controls. In
line with this observation, Bronnick and colleagues [22]
found that patients with PD had an early impairment in
free recall verbal and visual memory tests.

McKinlay and colleagues [4] stated that difficulties in
planning and organizing daily life may be experienced
very early by patients and neither visual recognition nor
motion perception symptoms are experienced by PD
patients in the non-dementia stage. In addition, Pfeiffer
and colleagues [23] stated that in patients with PD, the
language function appears relatively conserved while
other cognitive domains are nearly equally affected, even
in the early stage which was consistent with our study
results.

The "dual syndrome theory" could explain this variabil-
ity in the affected cognitive domains in people with PD.
This hypothesis suggests that attention/working mem-
ory and executive functions are primarily affected in PD
patients with more fronto-striatal network dysfunction,
which is modulated by dopamine, whereas memory, lan-
guage, and visuospatial functioning are primarily affected
in patients with more posterior cortical degeneration,
which is related to greater cholinergic loss. As a result, a
thorough examination of individual cognitive domains is
essential for determining the underlying pathology and,
as a result, developing successful treatments [24].

Compared with the motor symptoms, little is known
about the mechanisms underlying cognitive decline in
PD. Inflammatory cytokines is suggested to play a key
role in the neurobiology of the onset and/or mainte-
nance of certain non-motor symptoms in Parkinson’s dis-
ease [25]. Microglia are overactive in areas of the brain
affected by dopaminergic loss early in Parkinson’s disease
(PD), and inflammation may be the cause of this selective
neuronal loss [26, 27].
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The current study revealed that serum TNF-a level
was significantly greater in patients with PD compared to
control group. This goes in agreement of previous studies
which found that serum levels of TNF-a were higher in
patients with PD compared to healthy subjects [28-32].
On the contrary, previous studies found that there is no
statistically significant variance among PD patients and
healthy controls regarding the TNF-a serum level [33,
34]. They explained their results by the heterogeneity of
PD pathophysiology.

In PD patients, higher levels of circulating pro-inflam-
matory cytokines have been linked to lower cognitive
performance. A study comprising 52 PD patients has
found increased levels of TNF-a were associated with
worse cognitive performance [6]. In accordance with this
finding, we found a statistically significant negative cor-
relation between visuospatial function and serum TNF-«
level. On the other hand, some other studies failed to
show any correlation between inflammatory parameters
and cognitive function [35, 36]. This disparity could be
explained by the lack of standardized procedures for
assessing cognitive performance in people with Parkin-
son’s disease, making comparisons between research
difficult.

A considerable improvement in cognitive tests in
people with PD after therapy with Etanercept, a TNF-a
inhibitor [37], backed up the theory that pro-inflam-
matory cytokines are associated to cognitive changes
in PD. In addition, the impairment of posterior cortical
cognitive tasks is linked to early conversion to dementia,
according to Williams and colleagues [38]. We found that
increased TNF levels were associated with visuospatial
impairment that is related to early conversion to demen-
tia. Therefore, the preferential negative correlation of
serum TNF-a with visuospatial function demonstrated in
this study could imply that serum TNF-a is linked to cog-
nitive deterioration in PD patients.

TNEF-a is involved in synaptic transmission and plastic-
ity [39], but it is also related to neurodegeneration and
links its neurotoxic effects with the production of mito-
chondrial dysfunction through a mechanism involving
TNF receptor 1[40, 41]. TNF-« also enhances glutamate-
mediated cytotoxicity by increasing glutamate produc-
tion in microglia due to glutaminase overexpression,
inhibiting glutamate reuptake in astrocytes, and increas-
ing the location of ionotropic receptors while decreasing
the expression of GABA receptors in synapses [42—44].

In summary, we studied relationships between cogni-
tive impairment in PD patients and TNF-« levels. The
results showed that PD patients had significantly worse
cognitive scores in trail making test and ACE except for
language subclass, and the levels of TNF-a were sig-
nificantly higher in PD patients compared to healthy
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controls, and the levels of TNF-a were significantly
negatively correlated with the visuospatial function
of ACE. We concluded that TNF-a pro-inflammatory
cytokine is involved in the pathogenesis of cognitive
impairment in PD.

The limitation of this study was the small number
of enrolled subjects. A longitudinal follow-up study is
essential to investigate alterations in the serum TNF-a
profile with disease progression. Categorization of PD
patients into 3 groups that include patients with normal
cognition (PD-NC), PD patients with mild cognitive
impairment (PD-MCI) and Parkinson’s disease demen-
tia (PDD_ is recommended to demonstrate serum
TNF-a levels among these groups.

Conclusion

From all previous results, it could be concluded that
patients with PD frequently have cognitive impairment.
Elevated serum TNF- a levels in patients with PD, and
association of this cytokine to visuospatial impair-
ment, implicate this pro-inflammatory cytokine in the
neurobiology of cognitive impairment in PD. Further
research into these relationships could provide insights
into the pathogenesis, course, and treatment of cogni-
tive impairment in PD. In the early phases of the cogni-
tive decline, targeting TNF-action in the brain could be
a promising disease-modifying method for slowing and
reducing severity of cognitive dysfunction in PD.
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